uranium results for NRIP-08 water samples were not affected. This problem, which was not observed for NRIP-06 or NRIP -07 urine samples, was resolved by using an enhanced 3 210 Po removal step, which will be described.
Introduction
There is an increasing need to develop faster analytical methods for emergency response, including emergency water and urine samples 1, 2, 3 . and urine samples, with streamlined sample preparation to reduce preparation time.
Calcium phosphate precipitation, used previously to pre-concentrate actinides and 90 Sr in NRIP urine and water samples 4 , was streamlined for faster processing of the NRIP 2008 urine and water samples. The water rinse of the calcium phosphate precipitate typically performed after the initial precipitation was eliminated, saving approximately 20-30 minutes in preparation time. Column flow rates were increased from 1-2 drops per second to 2-3 drops per second, with significant time savings realized. Larger sample aliquots were taken, and as a result, count times were cut in half without sacrificing analytical quality.
The SRS NRIP-08 results were completed more quickly than the SRS NRIP-07 results, in large part due to the faster column flow rates. Vacuum-assisted flow rates were increased by a factor of two, with no significant adverse impact on the method performance. As a result, much faster analysis times were achieved, less than 3 hours for determination of 90 Sr and 3-4 hours for actinides, 25-33% faster than results reported for NRIP-07 and ~100% faster than NRIP-06 report times. 
Procedures
Column preparation. TEVA, TRU, and Sr-Resin columns were obtained as cartridges containing 2 ml of each resin from Eichrom Technologies, Inc.. Small particle size (50-100 micron) resin was employed, along with a vacuum extraction system (Eichrom Technologies). Flow rates of 1-2 ml min -1 have typically been used in the SRS Environmental Bioassay Laboratory, but flow rates were increased by factor of two for this work.
Sample Preparation. After urine and water sample aliquots were dispensed (100 ml-urine; 400 ml-water), 2 ml 1.25M calcium nitrate (100 mg Ca) and 5 ml 3.2M ammonium hydrogen phosphate were added to each sample.. For samples, the sample dispensing and the above reagent additions were performed in 225 ml (urine) or 500 ml (water) centrifuge tubes to save time. The pH was adjusted to pH 10 with concentrated ammonium hydroxide using a dark pink phenolphthalein endpoint. Previously, after discarding the supernatant, the precipitate was rinsed once with 10 -15 ml of water and centrifuged at 3000 rpm for ~5 minutes. For NRIP-08 samples, the water rinse was not performed to save time. For water samples, the precipitate was dissolved in 8 ml 6M Column separation. The following column separation was performed, as outlined in a previous paper 4 . TEVA, TRU, and Sr-Resin cartridges were stacked on the vacuum box from top to bottom, in that order. Fifty milliliter centrifuge tubes were used to collect rinse or final purified fractions. Flow rates were increased significantly. Column load solutions were loaded at ~2 drops per second, rinse solutions at ~3-4 drops per second and column strip solutions were added at ~2 drops per second using vacuum.
A valence adjustment was performed by adding 0.5 ml 1.5M sulfamic acid and 1.25 ml 1.5M ascorbic acid with a three minute wait step to reduce plutonium to Pu 3+ followed by 2 ml 3.5M sodium nitrite to oxidize plutonium to Pu
4+
. After the valence adjustment, the sample solution was loaded onto the stacked column at approximately ~2 drops per second. After the sample was loaded, a tube rinse of ~3 ml 3M HNO 3 was transferred to the stacked column and a rinse of 5 ml 3M HNO 3 was added directly to the stacked column. The TRU Resin and Sr-Resin cartridges were removed and the TEVA cartridges 7 were kept on the vacuum box. The TEVA cartridge was rinsed with 15 ml 3M nitric acid to remove sample matrix components. To elute thorium from TEVA Resin, 20 ml 9M hydrochloric acid were added and discarded.
The plutonium was stripped from TEVA Resin with 20 ml 0.1M hydrochloric acid-0.05M hydrofluoric acid -0.03M titanium(III) chloride. Fifty micrograms of cerium as cerium nitrate were added to the tubes, along with 1 ml of concentrated hydrofluoric acid (49%), prior to elution of the plutonium to reduce microprecipitation wait times. A 0.5 ml volume of 30 wt% hydrogen peroxide was added after the plutonium was eluted to oxidize any residual uranium to U 6+ as a precaution. After waiting 10 minutes, the solutions were filtered onto 0.1 micron 25 mm polypropylene filters and counted by alpha spectrometry.
The TRU cartridges were placed on a separate vacuum box and processed at the same time as the TEVA Resin cartridges to save time. Am was stripped from TRU Resin with 15 ml 4M HCl at ~2 drops per second. Fifty micrograms of cerium as cerium nitrate were added to the tubes, along with 3 ml of concentrated hydrofluoric acid (49%), prior to elution to reduce microprecipitation wait times This solution was diluted to a total volume of 30 ml with water to reduce the acidity. After waiting 10 minutes, the solutions were filtered onto 0.1 micron 25 mm polypropylene filters (Resolve® filter-Eichrom Technologies) and counted by alpha spectrometry.
TRU Resin was rinsed with 12 ml 4M HCl-0.2M HF to remove any residual thorium that may have passed through TEVA and been retained on TRU Resin at ~2-3 drops per second. Uranium was stripped from TRU Resin using 15 ml 0.1M ammonium bioxalate at ~2 drops per second. Fifty micrograms of cerium as cerium nitrate were added to the tubes, along with 1 ml of concentrated hydrofluoric acid (49%), prior to elution to reduce microprecipitation wait times A 0.5 ml volume of 20 wt% titanium chloride was also added to each tube also prior to elution to reduce uranium to U +4 . After waiting 10 minutes, the solutions were filtered onto 0.1 micron 25 mm polypropylene filters (Resolve ® filter-Eichrom Technologies) and counted by alpha spectrometry.
The Sr-Resin cartridges were placed on a vacuum box and rinsed with 15 ml 8M HNO 3 at ~2-3 drops per second. The 90 Sr was stripped from the Sr-Resin using 10 ml 0.05M HNO 3 into 50 ml tubes at ~2 drops per second. This solution was transferred to preweighed planchets and evaporated on a hot plate to dryness. A 3 ml volume of 0.05 M HNO 3 was used to rinse each tube and then was transferred to each planchet and dried.
The dried planchets were allowed to cool and then were weighed to determine gravimetric carrier recovery. The planchets were counted by gas proportional counting.
Actinide filters were counted by alpha spectrometry for approximately 30 minutes for urine and 45 minutes for water samples. Strontium count times using gas proportional counting were ten minutes.
Apparatus
Plutonium, americium, and uranium measurements were performed by alphaparticle pulse-height measurements using Passivated Implanted Planar Silicon (PIPS)
detectors. 90 Sr measurements were performed using a Tennelec LB 4100 gas proportional counter. Polycarbonate vacuum boxes with 24 positions and a rack to hold 50 ml plastic tubes were used. Two boxes were connected to a single vacuum source by using a Tconnector and individual valves on the tubing to each box. NRIP -08 water sample results, even though the methods were essentially identical. This slight bias for plutonium would be acceptable, however, for emergency response screening the differences are within the ~ ±30% uncertainties reported for these results. The uranium bias, which was traced to high 210 Po levels, will be discussed further when individual uranium results are presented below. Table 5 shows the SRS reported values compared with the NIST reference values for 241 Am in water for each sample analyzed. The differences, which range from -9% to +19%, fall within the reported uncertainty ranges for each reported result at the 95% confidence level.. Table 5 also show the SRS values when the same samples were recounted for 2 hours. The differences from the NIST values range from 0% to +13%, reducing the biases slightly. The Am-241 results, reported in only 3.5 hours, was excellent with a bias of <10%. To determine if 210 Po in the uranium fraction was responsible for the negative bias for the NRIP-08 urine samples, an effort was made to redissolve and repurify these samples. The cerium fluoride filters for the NRIP-08 urine sample were treated with 3M HNO 3 -0.25M H 3 BO 3 and warmed on a hot plate to redissolve the samples. The redissolved samples were loaded onto TRU Resin, which had been preconditioned with 5 ml 3M HNO 3 . After loading the samples, the TRU Resin was rinsed with 15 ml 8M HNO 3 at 1 -2 drops per second to remove any 210 Po present, and then uranium was eluted with 15 ml 0.1M ammonium bioxalate at ~1-2 drops per second. Fifty micrograms of cerium as cerium nitrate were added to the tubes, along with 1 ml of concentrated hydrofluoric acid (49%), prior to elution to reduce microprecipitation wait times A 0.5 ml volume of 20 wt% titanium chloride was also added to each tube also prior to elution to reduce uranium to U +4 . After waiting 10 minutes, the solutions were filtered onto 0.1 micron 25 mm polypropylene filters (Resolve® filter-Eichrom Technologies) and counted by alpha spectrometry. In low-level counting, where a zero background count is quite common, the constant 3 is used to prevent an excessively high false positive rate. Figure 3 shows the MDA (Minimum Detectable Activity) using the method for 100 ml and 500 ml sample aliquots versus count time for actinides. The MDA can be adjusted as needed, depending on the sample aliquot and count time. For a 100 ml sample aliquot, the MDA for a 2 hour count time is 16.3 mBq L -1 . For a 400 ml sample aliquot and 2 hour count time the MDA is 4.07 mBq L -1 . For a 100 ml sample aliquot, the MDA for a 22 hour count time is 1.5 mBq L -1 . For a 400 ml sample aliquot and 22 hour count time the MDA is 0.37 mBq L -1 . The MDA for 90 Sr is calculated in a similar fashion and was determined to be equal to 260 mBq L -1 (7.22 pCi L -1 ) for a 400 ml water sample counted for 10 minutes. Longer count times may be used to reduce analytical uncertainty or lower the MDA as needed. 
Results and Discussion

